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Abstract 
 
Raman spectra at 298 and 77 K of three uranophane samples from different localities 
are described and interpreted. The spectra are sample dependent.  U-O bond lengths in 
uranyls are calculated from the spectra and compared with the published data of 
single crystal structure and EXAFS spectroscopy. Hydrogen-bonding of water 
molecules and silanols is discussed and the “proton mobility” in uranophane sheet 
crystal structure is assumed.    
 
 
Keywords: uranophane, uranyl silicates, phurcalite, infrared and Raman spectroscopy 
 
Introduction 
 
Uranyl silicates are understood as common constituents of the oxidized parts 
of uranium deposits. They form as alteration phases during hydration-oxidation 
weathering of uraninite, and also as alteration phases of uranium dioxide and spent 
nuclear fuel in the series of paragenetic sequences [1-3]. It is possible that uranyl 
minerals including uranyl silicates (such as uranophane) will incorporate 
environmentally important radionucleides (e. g. 135Cs and 90Sr) and other actinides (e. 
g. Np(V) and Np(VI)) in their structures [4-8].  Burns presented recent advances in 
the understanding of uranyl mineral structures and the crystal chemistry of hexavalent 
uranium [8, 9].   Uranophane, Ca(UO2SiO3OH)2.5H2O is the most common uranyl 
mineral and possibly the most common uranium mineral after uraninite. Uranophane 
precipitates from near neutral to alkaline ground waters that contain sufficient 
concentration of dissolved Si and Ca [10].  It is imperative to have methodology to 
characterize these minerals. This methodology must be able to be used at a distance 
from the mineral deposit. 
 
Crystallographic data 
 
Monoclinic uranophane (α-uranophane) has its dimorph, monoclinic β-
uranophane. Uranophane is characterized by its layer structure. The uranophane anion 
topology contains chains of edge-sharing pentagons that are connected through chains 
of alternating edge-sharing triangles and squares. In uranophane sheet, the silicate 
tetrahedra are positioned such that apical, i.e. non-sheet anions of adjacent tetrahedra 
in the triangle-square chain point alternately up and down. The sheet contains an acid 
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silicate group, with the hydroxyl, (OH)-, located at the apical, i. e. non-sheet, position 
of the tetrahedron. This (OH)- typically donates a hydrogen bond that is accepted  by 
an water molecule in the interlayer. This provides additional linkage between the 
sheets [11-14].  According to Ginderow [15] the uranophane structure contains one 
symmetrically distinct Ca position in the interlayer. Ca2+ forms a coordination 
polyhedron which includes two uranyl oxygens, one from each adjacent sheet, one 
hydroxyl that is part of the acid silicate group, and four water molecules. The 
interlayer contains also one water molecule held in the structure by hydrogen bonds 
only [14, 15].  Some new data on the crystal chemistry of uranophane were published 
by Barinova et al. [16] and Cesbron et al. [17]. Utsunomiya et al. [18] described the 
effect of ionizing radiation on uranophane. Infrared spectra of uranophane were 
summarized by Čejka [19]. Biwer et al. published the Raman spectra of several 
uranyl-containing minerals with little detailed interpretation [20]. Biwer et al. reported 
the dominant feature of all spectra of uranophane was a strong peak between 738 and 
842 cm−1 which was assigned to the symmetric stretch of the uranyl ion [20]. Raman 
and infrared spectra of selected uranyl silicates were recently studied by Frost et al. 
[Frost et al. submitted].  
 
The importance of this work is several fold: (a) it is important to have a 
fundamental understanding of the structure and spectroscopy of uranyl minerals (b) 
the characterization of minerals by Raman spectroscopy is important for the remote 
sensing of minerals especially on other planets. It is probable that uranyl silicates will 
be found on Mars (c) the analysis of uranyl minerals is important in the paragenetic 
relationships between minerals (d) the dissolution/recrystallisation of uranyl silicates 
is important in the study of the transport in ground water systems.  It is noted that 
little Raman spectroscopic information on secondary uranyl minerals exists. Raman 
spectroscopy has been applied to selected secondary minerals of the uranyl group [21-
29].  
 
The aim of this paper is to present and discuss Raman spectra of uranophanes 
from various localities. Special regard will be paid to the role of (OH) groupings and 
hydrogen bonding network in their crystal structures as may be inferred from the 
Raman spectra. Hawthorne [30-32] demonstrates that hydrogen-bonding plays a key 
role not only in the structural connectivity but also in the stability of hydrated 
minerals, inclusive those containing uranyl ions. In previous studies it has been 
assumed that water molecules in uranophanes behave similarly to water molecules in 
zeolites [33, 34].  
 
Experimental 
Minerals 
 
Uranophane samples from Shaba, Congo, Poison Canyon, Grans, New 
Mexico, U. S. A., and Eagle Pass, Maverick Co., West Texas, U. S. A., were used for 
the study. X-ray powder diffraction patterns proved that the sample from Shaba and 
that from Eagle Pass contain uranophane with small amounts of boltwoodite. The 
sample from Poison Canyon was found to be pure uranophane. Minerals were kindly 
supplied from Museum Victoria by Dermot Henry.  Table 1 lists a selection of 
minerals containing uranophane and their origin and the results of powder XRD. 
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The Raman spectroscopic technique 
 
The crystals of uranophanes were placed on the stage of an Olympus BHSM 
microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 
Raman microscope system, which also includes a monochromator, a filter system and 
a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe laser (633 
nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at liquid nitrogen temperature were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors [21, 
24, 25, 27, 28].  
 
Infrared Spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s. Spectral manipulation such as baseline 
adjustment, smoothing and normalisation was performed using the GRAMS® 
software package (Galactic Industries Corporation, Salem, NH, USA).  
 
Results and Discussion 
 
The X-ray diffraction of the three uranophanes selected for Raman 
spectroscopy together with the reference standard pattern 01-083—1847 (uranophane) 
are shown in Figure 1. Figure 1a displays the 5 to 25 degree two theta region and 
Figure 1b the 25 to 65 degree two theta region. The XRD patterns show that the 
samples are free of major impurities and the major phase is uranophane. X-ray 
powder diffraction patterns proved that the sample from Shaba and that from Eagle 
Pass contain uranophane with small amounts of boltwoodite. The sample from Poison 
Canyon was found to be pure uranophane.  Other mineral samples listed in Table 1 
contain impurities and were not used in the study of the Raman spectra of the 
uranophanes.  For example MR2 is a mixture of beta-uranophane, uranophane and 
boltwoodite. Sample MR5 contained phurcalite. Other mineral samples were also 
investigated. The XRD patterns illustrate one of the difficulties in studying minerals 
containing the uranyl unit. Often minerals with paragenetic relationships are found in 
the one mineral sample. Powdered XRD techniques will identify what phases are 
present. Raman microscopy enables specific crystals to be analysed even if other 
crystals of minerals are present. 
 
Uranophane, Ca(UO2SiO3OH)2.5H2O, contains divalent calcium cations and 
uranyl, (UO2)2+, silicate (SiO3OH)3- units, and water molecules. Vibrations of U-O in 
uranyl, (UO2)2+, Si-O and Si-OH vibrations in (SiO3OH)3-, and H2O vibrations are 
attributed in Raman spectra of studied uranophane samples with an attempt to propose 
possible “proton mobility in uranyl silicates” assumed by Čejka [19].  Uranophane 
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contains two structurally distinct (UO2)2+ units and two structurally distinct 
(SiO3OH)3- units, with two formula units in the unit cell [15]. The ideal linear uranyl 
group, (UO2)2+, point symmetry D∞h, has four normal vibrations, but only three 
fundamentals, the Raman active symmetric stretching vibration ν1, the doubly 
degenerate infrared active bending vibration ν2 (δ), and the infrared active 
antisymmetric stretching vibration ν3. The symmetry decrease D∞h ⇒ C∞v results in 
the infrared activation of the ν1 (UO2)2+ and Raman activation of the ν1 and ν3 
(UO2)2+, similarly, the change in symmetry D∞h ⇒ C2v adds the splitting of the double 
degenerate ν2 (δ) (UO2)2+. The former activation may be caused by the presence of 
nonequivalent bonds in uranyl, (O-U-O)2+, the latter in the linearity loss, i.e. (O-U-
O)2+ deformation. The ν1 and ν3 (UO2)2+ may also split in two or more components. 
This may be influenced especially because of the presence of symmetrically distinct 
uranyls in the unit cell and also respecting the factor group analysis. Figures 2 and 3 
display the Raman spectra between 650 and 1050 cm-1 at 298 K and 77 K of 
uranophanes from (a) Shaba, Congo (b) Poison Canyon, New Mexico, USA (c) Eagle 
Pass, West Texas, USA in the 650 to 1050 cm-1 region.  The results of the Raman 
spectral analysis are reported in Table 2.  
 
 
The ideal (SiO4)4- tetrahedron, point symmetry Td, has nine normal vibrations 
characterized by four fundamentals - the Raman active symmetric stretching vibration 
ν1 (A), the Raman active doubly degenerate bending vibration ν2 (E), the Raman and 
infrared active triply degenerate antisymmetric stretching vibration ν3 (F2), and the 
Raman and infrared active triply degenerate bending vibration ν4 (F2). The symmetry 
decrease from Td ⇒ C3v, which is the case of (SiO3OH)3- or better written (O3SiOH)3-, 
results in the infrared activation of the ν1 (A1) and ν2 (E) and splitting of the both ν3 
and ν4 in two components (both A1 + E). The presence of one proton in the free apex 
of the (SiO4)4- tetrahedron from the uranyl silicate sheet, i.e. formation of (O3SiOH)3-, 
together with bonding of the remaining three silicate oxygens in the uranyl silicate 
sheets leads to lowering of the (O3SiOH)3- site symmetry to Cs or C1. This is 
connected with Raman and infrared activation of all vibrations and further splitting of 
the ν3 and ν4 (2A’ + A’’ or 3A). The number of bands may be enhanced because of the 
presence of symmetrically distinct Si4+ in the crystal structure of uranyl silicate 
minerals, formula number in the unit cell higher than one, and FGA reasons. 
 
Figures 4 and 5 display the Raman spectra at 298 K and 77 K of uranophanes 
from (a) Shaba, Congo (b) Poison Canyon, New Mexico, USA (c) Eagle Pass, West 
Texas, USA in the 1200 to 1800 cm-1 region.  Chernorukov et al. [35, 36] reported the 
νSi-OH stretching mode close to 3200 cm-1, and the SiOH in-plane and out-of-plane 
bending modes near 1400 and 600 cm-1, respectively, based upon the infrared spectra. 
However, normally for zeolites and modified clay minerals, the Si-OH stretching 
bands are found at wavenumbers >3600 cm-1. Often two Si-OH bands are observed at 
3730 and 3745 cm-1 which are assigned to hydrogen bonded and non-hydrogen 
bonded symmetric stretching vibrations of Si-OH units.  
 
In Figure 4 two bands are observed for uranophane (Congo) at 1379.4 and 
1327.1 cm-1.  Two bands are also observed in the Raman spectrum of the New 
Mexico sample at 1390.0 and 1330.8 cm-1.  These bands show significant shifts in 
band position upon cooling to 77 K. For the Congo sample the bands are observed at 
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1370.7 and 1272.5 cm-1. For the New Mexico sample the bands are found at 1370.9 
and 1271.8 cm-1.  The shift in the second band around 1270 cm-1 seems to signify an 
effect due to protonation of the silicate oxygens. The band near 1400 cm-1 in silicates 
is connected with H+ cation coordinated by oxygen atoms, as it takes place in 
pectolite, babingtonite, and other minerals [37-40].  In this case, coordinating oxygen 
atoms belong to polymerized silicate anion with two apical oxygens at each Si. The H 
atom does not form strong covalent bonds with O. In silicates with isolated SiO4, 
Si2O7 or Si3O10 groups, Si with three apical oxygens is present. In this case Si-O-H 
groups with essentially covalent O-H bonds can be formed, e.g. in rosenhahnite and 
afwillite. Acidic group Si-OH can have several states with different degree of charge 
separation between H and O. In infrared spectra of such minerals a series of bands in 
the range 1300 – 3200 cm-1 are normally present. However, in some cases the acidic 
group Si-OH is not dissociated as in some lovazerite-group minerals. In uranophane 
and also beta-uranophane neither dissociation, nor strong charge separation in the 
group OH at Si takes place. The shoulder near 3200 cm-1 in the infrared spectra may 
correspond to this situation. In the case of beta-uranophane, also the weak shoulder at 
2200 – 2300 cm-1 is observed. However, this seems unlikely. In other words, the 
bands for the SiOH stretching vibrations are more likely to be at positions > 3600  
cm-1 [Frost et al. – in press].  
 
Water molecules, H2O, point symmetry C2v,, are characterized by three 
fundamentals, the ν1 and ν3 symmetric and antisymmetric stretching vibrations, and  
ν2 (δ) bending vibration. All vibrations are infrared and Raman active. H2O libration 
modes may occur approximately in the region of wavenumbers lower than 1100 cm-1.  
Hydroxyl ions, (OH)-, point group symmetry C∞v, are usually indicated by sharp 
bands between 3700 – 3450 cm-1, but sometimes lower if any appreciable amounts of 
hydrogen bonding is involved. The restricted rotational or libration motion of this 
anion occurs with a wavenumber usually in the 900 – 300 cm-1 range. The δ OH 
bending vibration may occur over a wide range below approximately 1500 cm-1.   
Libowitzky presented the correlation of O-H stretching frequencies and O-H…O 
hydrogen bond lengths in minerals [41]. Water librational modes are a function of the 
mineral structure and the environment of the water molecules [42-46].  Water 
molecules which are strongly hydrogen bonded have infrared and Raman librational 
bands at wavenumbers above 700 cm-1. Low intensity Raman bands around 838 cm-1 
may be attributed to the water librational modes. In the infrared spectrum a broad 
band around 757 cm-1 is assigned to this water librational mode.   
 
Uranyl, (UO2)2+,stretching and bending  vibrations in Raman and infrared spectra 
of uranophane 
 
 The spectra are discussed in the order Shaba, Poison Canyon, and Eagle Pass, 
calculated U-O bond lengths [47] are given in parentheses and compared with the U-
O bond lengths  average of 1.8045 Å as determined by a single crystal structure 
analysis by Ginderow [15] and 1.808 Å [16], and EXAFS 1.82 Å [48] and 1.818(4) Å 
[49]. In the infrared spectra, bands at 856.2 (1.818 Å), 877.5 (1.801 Å), and 851.5 
(1.821 Å) cm-1, respectively, are assigned to the ν3 (UO2)2+ antisymmetric stretching 
vibrations. A band at 880.1 cm-1 (Eagle Pass) enables the calculation of a U-O bond 
length of 1.799 Å. All these data are comparable with the structural data. From the 
infrared spectra of uranophane it may be inferred this vibration close to 860 cm-1 
(1.815 Å} is attributable to the ν3 (UO2)2+ antisymmetric stretching vibration. The 
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Raman spectra enable the attribution of bands close to 885 cm-1 (1.795 Å) to these 
vibrations (Figures 2 and 3).  
 
 Bands close to 800 cm-1 in the infrared spectra 799.6 (1.811 Å), 795.6 (1.815 
Å) and 786.1 (1.825 Å) are attributed to the ν1 (UO2)2+ symmetric stretching 
vibrations. In the Raman spectra, bands at 798.7 (1.812 Å) and 795.5 (1.815 Å) cm-1 
and 799.6 (1.811 Å) and 789 (1.822 Å) cm-1; 797 cm-1 (1.814 Å), and 799.5 (1.811 Å) 
and 789.8 (1.821 Å) cm-1; 794.4 (1.817 Å) and 784.6 (1.827 Å) cm-1, and 800.5 
(1.810 Å) and 788 (1.823 Å) are attributed to the ν1 (UO2)2+ symmetric stretching 
vibration. Biwer et al. [20] assigned the band observed in the Raman spectrum of 
uranophane at 797 cm-1 to this vibration mode. Bands with wavenumbers lower than 
330 cm-1 may be assigned to the split ν2 (δ) (UO2)2+ bending vibrations and lattice 
vibrations.  
 
Si - O stretching and bending vibrations in (O3SiOH)3- 
 
 It is possible that a coincidence of the ν1 Si-O symmetric stretching vibrations 
and the ν3 (UO2)2+ antisymmetric stretching vibrations may occur, especially if the 
bands in the region from 888.4 to 821.7 cm –1 in the infrared and Raman spectra are 
attributed to these Si-O stretching vibrations of (O3SiOH)3-. However, no coincidence 
of these vibrational modes occurs if the bands are located at higher wavenumbers, 
close to 965 cm-1, as is observed in the Raman spectra. However, this would mean a 
probable coincidence of the Si-O symmetric and antisymmetric vibrations for 
(O3SiOH)3-. The split antisymmetric vibrations are expected to be located in the 
region from 914.4 to 1145.7 cm-1 in the infrared spectra and from 952.9 to 1169.4  
cm-1 in the Raman spectra.  
 
Figures 6 and 7 display the Raman spectra at 298 K and 77 K of uranophanes 
from (a) Shaba, Congo (b) Poison Canyon, New Mexico, USA (c) Eagle Pass, West 
Texas, USA in the 150 to 650 cm-1 region. The split ν2 Si-O in (O3SiOH)3- are 
observed in the Raman spectra in the range from 335.1 to 471.1 cm-1[50]. The split ν4 
Si-O in (O3SiOH)3- vibrations are located in the region 519.8 to 658.9 cm-1 in the 
infrared spectrum, and 521.8 to 628.6 cm-1 in the Raman spectra. Bands with 
wavenumbers higher than 590.5 cm-1 may be connected with molecular water 
rotational modes and/or (Si-OH) bending modes [50]. 
 
(H2O) and (OH)- [(Si-OH)] stretching and bending vibrations 
 
Figures 8 and 9 display the Raman spectra at 298 K and 77 K of uranophanes 
from (a) Shaba, Congo (b) Poison Canyon, New Mexico, USA (c) Eagle Pass, West 
Texas, USA in the 2600 to 3800 cm-1 region.  Čejka [19] assumed that uranyl silicates 
of the uranophane group may contain mobile protons in their crystal structures. These 
protons may occur in uranyl silicate sheets, thus forming hydroxyl ions in acid 
silicates, (O3Si-OH)3-, at the apical, non-sheet, position of the silicate tetrahedron. 
This (OH)- group typically donates a hydrogen bond that is accepted by an H2O group 
in the interlayer, providing additional linkage between the sheets [15, 51].  Such 
hydrogen bond formation may simulate the presence of (H3O)+ ions in the interlayer 
as proposed earlier in the crystal structure of uranophane. Silanol units, Si-OH, may 
or may not be observed in the spectra of uranyl silicate minerals and their synthetic 
analogues. This shows the possibility of proton exchanges between the uranyl silicate 
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sheets and the interlayer. These structural properties may be influenced by origin of 
uranyl silicate minerals. This accounts for the slight variation in the spectra of the 
uranophanes from different origins.  
 
 Nguyen et al. [52] studied standard Gibbs free energies of formation for four 
uranyl silicates, including synthetic uranophane. According to these authors, infrared 
spectrum of natural uranophane from New Mexico contains a band close to 1400   
cm-1 which may be attributed to the bending vibration of Si-OH, while synthetic 
uranophane does not contain any such an absorption band. On the other hand, bands 
in the region approximately from 1350 to 1550 cm-1 were observed in the infrared 
spectra of synthetic uranophane by Vochten et al. [53] and Oji et al. [54, 55] and of 
natural uranophane e.g. by Čejka [19]. The Si-OH stretching may be observed by a 
broad band approximately close to 3450 and a sharp band at 3750 cm-1, however, 
coincidences with H2O and/or (OH)-  may be expected. Any assignment in this region 
is difficult even though some deconvolution programs may be used. The Raman and 
infrared spectra differ in that water is a much stronger absorber in the infrared 
spectrum than water is a Raman scatterer.   
 
 Bands in the range from 2850 to 3750 cm-1 are attributed the ν OH stretching 
vibrations of water molecules and, as shown above, some of them also to the Si-OH 
stretching vibrations. According to single crystal structure analysis of uranophane 
[15] hydrogen-bonding network is inferred for the three uranophane samples studied. 
The presence of very strong to very weak hydrogen bonds is observed in all three 
samples [41]. Wavenumbers of the bands observed in the three samples are 
comparable but not identical. This supports that mobile protons may be present and 
influence the hydrogen-bonding networks in their crystal structures. Bands in the 
region 1560 to 1670 cm-1 are connected with the ν2 (δ) H2O bending vibrations while 
those at lower wavenumbers (1550 – 1270 cm-1) may be attributed to the δ Si-OH 
bending vibrations. Some bands in 500 to 770 cm-1 range may be connected with 
molecular water libration modes, however, those close to 600 cm-1 may be attributed 
to the Si-OH bending vibrations.    
 
Conclusions 
 
 Raman and infrared spectra of uranophane samples from three different 
localities were studied. It is concluded that the spectra are very similar but not 
identical. Some differences are observed especially in the region of the ν OH 
stretching vibrations of water molecules and Si-OH stretching vibrations. This is 
caused by a different arrangement of hydrogen-bonding network in studied 
uranophane samples. It is proposed that the cause of the different arrangements is that 
mobile protons may be present in the crystal structure of uranophane and also other 
uranyl silicate minerals of the uranophane group. The U-O bond lengths in uranyls 
have been calculated using the wavenumbers of the ν1 and ν3 (UO2)2+ stretching 
vibrations. The calculated values are in agreement with the published data from single 
crystal structure analysis and EXAFS spectroscopy of uranophane samples. 
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Table 1 Table of uranophane mineral samples 
 
 
Sample 
number 
Origin Comments 
MR1 Eagle Pass, Maverick Co., West 
Texas, USA 
Sample contains uranophane, 
Ca(UO2)2(SiO3OH)2·5H2O, (39-
1360) with a small amount of 
boltwoodite, K(H3O)(UO2)(SiO4), 
(83-1848). 
 
MR2 ‘A’ Group, Inter-River/Green River 
Area, Emery Co., Utah, USA 
Sample contains beta-
Uranophane, 
Ca(UO2)2(SiO3OH)2·5H2O, (47-
1809), uranophane, 
Ca(UO2)2(SiO3OH)2·5H2O, (39-
1360) and boltwoodite, 
K(H3O)(UO2)(SiO4), (35-0490). 
 
MR3 Monument #2 Mine, Monument 
Valley, Apache Co., Arizona, USA 
Sample contains quartz, SiO2, (46-
1045) and Phlogopite, 
KMg3(Si3Al)O10(OH)2, (10-0495) 
 
MR4 San Cristobal Pegmatite, No. of 
Santander, Colombia 
Sample contains uranophane, 
Ca(UO2)2(SiO3OH)2·5H2O, (39-
1360), and meta-autunite, 
Ca(UO2)2(PO4)2·6H2O, (10-0423) 
 
MR5 Bergen, near Falkenstein, Vogtland, 
Saxony, Germany 
Sample contains Phurcalite, 
Ca2(UO2)3(PO4)2(OH)4·4H2O, 
(30-0284). 
 
m34470 Poison Canyon, Grants, New Mexico, 
USA 
Pure mineral sample 
m31300 Shaba, Congo (Zaire) Sample is pure except for a trace 
of boltwoodite 
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Shaba, Dem Rep of Congo Poison Canyon, New Mexico Eagle Pass, West Texas 
ATR 298K Raman 77K Raman ATR 298K Raman 77K Raman ATR 298K Raman 77K Raman 
Centre (cm-1) Centre (cm-1) Centre (cm-1) Centre (cm-1) Centre (cm-1) Centre (cm-1) Centre (cm-1) Centre (cm-1) Centre (cm-1) 
3748.7            
    3696.4   3693.6    
    3618.9   3614.3    
    3580.8        
3549.7     3554.8       
    3525.5 3535.9 3533.0 3539.9  3533.7 
    3523.8        
  3501.1 3493.8   3499.8 3492.5 3495.8 3501.6   
          3455.2   
   3437.3 3435.1  3435.6 3424.4 3425.3 3434.3 
3408.6 3401.7  3402.9        
   3382.5 3392.4 3390.6 3381.6    3381.4 
    3371.3   3365.2    
  3348.6        3346.3   
   3326.1    3324.0 3332.3  3321.9 
   3310.2          
    3204.7  3216.2 3225.0 3227.8 3223.6 
3175.1 3175.5    3184.7       
    3122.6  3142.5 3134.5  3141.7 
2956.7   2955.7     3045.4   
2921.1   2922.0 2901.9  2912.9    
    2907.7 2900.6       
2892.7   2869.7        
2869.3   2851.1        
2851.0   2829.6        
2234.7  1904.9    1905.0   1904.7 1904.9 
1665.3   1666.3   1668.3    
1624.4   1624.9   1627.0    
1582.0   1567.2        
1539.1     1535.2  1548.0    
1461.9   1460.4      1499.0 
1438.1   1429.9        
  1379.4 1370.7 1377.0 1390.0 1370.9      
  1327.1  1326.1 1330.8     1314.4 
1292.0       1297.0    
   1272.5 1278.1  1271.8      
   1169.0    1169.4    1164.3 
1144.5   1144.0   1145.7    
        1107.5    
1098.9   1097.3 1094.2  1099.5    
        1091.6    
    1029.4   1017.2    
996.3 994.6  990.4 993.9     995.3 
986.5       988.8 983.6   
  963.6 964.9    965.3   961.6 966.4 
      964.1     964.2 
  952.9 953.8   954.3 955.6   950.8 955.0 
931.3   936.1   944.7    
914.4   916.8   923.3    
  886.1 885.6 877.5 885.8 888.4 880.1 883.2 886.3 
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856.2       851.5    
838.2 838.7  841.3 837.7 838.8 836.1 836.1   
825.2   829.3   828.6  821.7 
799.6 798.7 799.6 795.9 797.0 799.5   794.4 800.5 
  795.5           
   789.0    789.8 786.1 784.6 788.0 
  779.3    777.7       
764.3   766.2   765.6  760.9 
        763.4    
757.7   757.5     752.3   
  723.9  733.2        
   716.2    713.4    714.6 
      703.3  697.3    
653.2   658.9   655.4    
   627.5        628.6 
  560.8  561.8   590.5    
547.7 544.7 546.6 550.4 545.1 547.3 553.7 545.0 547.1 
    537.2        
524.8  525.0 523.0   519.8  521.8 
  470.3 469.5   469.8 471.1   470.7 470.9 
  449.4    448.4 444.2   441.4 444.1 
  399.4 402.4   399.3 404.8   400.1 406.4 
   397.1    397.3    398.3 
  377.2 382.4          
  347.5 335.1    330.6    334.0 
  326.2 323.3   324.7    327.2 323.2 
  306.2 307.0    304.4    307.3 
   296.0   290.6    294.8 295.8 
   295.9          
   286.1    286.7    286.1 
  283.1    280.9 283.3   281.6 284.7 
           268.5 
  249.8 257.1   250.0 255.1   252.8 256.5 
   234.9          
   224.8    221.2   220.1 225.4 
  212.5    217.4 212.3   210.0 215.0 
  205.3 211.9   206.7     212.1 
   196.1    197.9    195.3 
  166.7    166.7       
  137.3    138.3       
  111.7     111.1         
 
 
Table 2 Table of the results of the Raman spectra at 298 and 77 K and the 
infrared spectra (ATR method) of three selected uranophanes 
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Figure 1 X-ray diffraction patterns of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA and (d) 
Standard reference uranophane pattern 01-083-1847. Figure 1a displays the 
5 to 25 degree two theta region and Figure 1b the 25 to 65 degree two theta 
region. 
 
Figure 2 Raman spectra at 298 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 650 to 
1050 cm-1 region. 
 
Figure 3 Raman spectra at 77 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 650 to 
1050 cm-1 region. 
 
Figure 4 Raman spectra at 298 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 1200 to 
1600 cm-1 region. 
 
Figure 5 Raman spectra at 77 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 1200 to 
1600 cm-1 region. 
 
Figure 6 Raman spectra at 298 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 150 to 
650 cm-1 region. 
 
Figure 7 Raman spectra at 77 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 150 to 
650 cm-1 region. 
 
 
Figure 8 Raman spectra at 298 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 2600 to 
3800 cm-1 region. 
 
Figure 9 Raman spectra at 77 K of uranophanes from (a) Shaba, Congo (b) Poison 
Canyon, New Mexico, USA (c) Eagle Pass, West Texas, USA in the 2600 to 
3800 cm-1 region. 
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